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PROBLEM TO BE SOLVED: To provide an anisotropical rare earth permanent nnagnet material having 
the axis of easy magnetization in one direction. 

SOLUTION: When Nd-Fe-B amorphous alloy is heat treated in an inert gas atmosphere or vacuum to be 
crystallized, the heat treatment step Is performed in a magnetic field exceeding 3T, so as to produce a 
rare earth magnetic material having the magnetic anisotropy in the magnetic field direction or 
perpendicular direction thereto, in such a constitution, the produced rare earth permanent magnet 
material gas Nd2 Pel 4 B crystalline phase and Fe3 -B phase in the particle diameter not exceeding 50 
nm or Nd2 Fe14 B crystalline phase and Fe phase in particle diameter not exceeding 50 nm. 
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C 1 ] Nd-Fe-B T'tfUy r 

[iS*«2] Nd-Fe-B r^:;l'7r:^-^^5-S!i5?lSLT 
t#^>*l. i.«±3a*AB55«f4*W2 Fe, 4 B^a^affl i: FejBia 
t Sr^r L . *»oFe3 BffliOf4@A^50nmmT-C-$> W^JI 1 

(fS^3f3l Nd-Fe-B rt;l'7rX-^^2:3Sij{ig|tT 

t§ '^j^t !> ^±m^xm;Bnmtmt Fe, 4 e^^aia t Feif t 

111*314 ] Nd-Fe-B T'tiVy r 7. 
3?BI^ t> L < \iXS.^X'»3m L^B^ffffc-r S ^ i: J: o 

#A,ftSNd2Fe,4BSSa^BffitNdU /f-ffli: ^^^h^±'^ 

miifim ll~15at%. B 2~10at%, J^SP3&«Fe*»^> 

55:0, S!«t!iSiaS*^ 600~ 800'CT'2bO. *»-:)±EI^ 

^f>ti h Nd2 Fei 4 BJ^^fltf t Fes Bffl i: S-Wf ^ #±«7l<A 
*«Nd 1— 10at%, B l(h-25at%. ^g5**Fe*><?>=5r 

0 , ^J!isi^*»' 550- m-cx'h 0 , A^o±f egftjas 

[i»*Jl7 ] Nd-Fe-B rt;l^7 r ;^-&^$-,fiJ!«lUT 
t# ^,ft S Nd2 Fe, 4 B^Sa^affi t Feffl t ^ I. #±5i7l4 

Nd l~10at%, B l~5at%. aafA^FeA^fo^rO, 

s»iHiSjSJKA-'550- SOO'CT'S) 0 , ■f)-r>±.%^Mm^ 3 

[00 0 1] 

[%Bflo]g-r^e^(:i:»•f^] *:^bb±, M:^tt^w-r-i.^ 

[0002] 

{Vm<r>tm] Nd-Fe-B * 

tzs^^m;a^z]mLxmAnxh^]^^&K^z. t t-Cy^m^ 



^xm^L r> t Lj:Mitcr)mA.X'\,^hiTmi,mmmx'$, 

h, Nd2Fe,4BJ:Ot>^TNd, B]&m^j:m.^XmmLtz^ 
^im?. W^^m&\.fz^. llOOX:#jficoiSJKT-i^ 

u. ^t^iz^^x-mh^m.-thzki-zii^m.t&WEt^ 
fi[.Mm<r>mni:m^'pmm^-thztizx*)m.it^ 
^m^-yji^izmtxmuit^mfc-t?, z t *<-c'# s 

(M. Sagawa et at, Japanese Journal of Applied Physi 
cs 26(1987) 785 ) . miJ, i^5ffl^<7)?§^S-lH]l£D- 

xmi^rmi:im l . zti^: 1 1 izmsirimthum 

tm^^tlX^-^h { R.W.Lee. Physics Letter 46(1985)7 
90^i:) . ZtiUiE.':>(r>i'-iyi}^$>'0, -oJiH?^jlt 
^i:iS^l^Lfzi,<r>i:mWitm^, ^LX^^>\^mPGt 
■ti, {>C0T\ ii^MQ 1 t miflh . MQ 1 {±IgAi©#T- 

hhi><7><7>. m.im^m^--nmzmh-rm-nm.\ 
-oimm^t^iSi^-^fzMz, ^mmt^h. mcriz.-^ 

iv^wat-thi><r) (^q2) . MQ2tc$ f>{c^raT« 
jio:5-«6LjoS:^[Si(cffi-fb§^iai$r«(;e.i.t,c7) (mq3) 

W5i}Hi t ^ i:'TM:frttB5StfOg3^A5SixT ^^tz. Zti 
{4Nd-Fe-B JkX'ki.^-^^ V^-, V^m^WS^^imy^tz 

[0 00 3] zfi<,znL. ^±i7i^mfi'^^m^m-th 
zt{zx*)MzV^nmj&ikSk^^^nh-fimim%^ti 

tz (T.Takesita et al.Proc.lOth Int. Workshop on Rar 
e Earth Magnets and Their Appl ications, Tokyo, (198 
9)399) . C:cO:frj*<47jcS-(b(Hydrogenation) , ^-^m 
(Disproportionation), flK7k^-fb(Desorption) , ff^-& 
(Recombination) i:V^5jSS*«)l»:±tSC: t*><?>. HD 
DRrD4r;?.tDf{fixTV^i>. ^hlZ, Co. Ga, Zr, Hf^ 

t'i:miiu-tiztizj:'^. n(>tLhY^mzmif\ti}^±t 
h. zh.i.^m-ft-% ^ki.zawxmn'&.^^^hif-v^ 
m^^^%-thztt-^mzts:-itz, zc^-nmt^m^ 

^ms:Ztii-hm!M^t^&L\.z'uf>fLX\-^hiiK 

mizit^?>ti^^B^m:f}m-m±^< . 'im-t^-i-y^ 
yn^iy-y hnmizimmt^mu'^, *i^#H«s«!ig{i 

[0004] $ e3^d:miimco<if:mitmEmmtt< 

mbX\-^h (E.F.Kneller et al.IEEE Transaction Hag 
netics 27(1991)3588 ffi) . HKttffli: V 7 

0 . mn<r>^itii^m^'s.f^mxt^u¥s <zt^zx^x 

7 7 hffic7)K^b{4^^{cS:Sc-ti:-r, ±i^b Lxm-f-^- 
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{C*3V^T, miTit^X'^tHtm).^,, =137 MGOecOffiS: 
#^>flSC:h**$g^§^iTV>.?) (R.Skoiaski et al.Phys 
ical Review B 48(1993) 15812) , 
[00051 

nB/FejB (R. Coehoorn et a 1, Journal de Physique 49 
(1988)C8-669 ) . NdjFcuB/Fe (It^?- 1 7 3 5 
Ol^i^fg, ?#g3¥7-l 7 64 1 T-til^lfi^, L.Witli 
anawasam et ai.Joumai of Applied Physics 76(1994) 
,7065^: if) ^ SmjCoiyNj/Fe (J. Ding et al. Journal o 
f Magnetism and Magnetic Materials 124(1993)11) ^ 

^ir>ixx\^hma^ftfim<^mk-fi&tLXii.. ^/i-h 

Xf^ym^j^:/l=~:^)VT^-( y?" (MA) mzX ^'i^hix. 

tzT^)\^y r 7.^±nw^vfi-Mi^mS:Lxm^i'Bit-t 
?>^m^htix^^?>, tij^Lcco-^mx-ii. mi tm 
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SrW^-rs/ii^lcifl&^WLT^cJSm, Nd-P^e T^;U7 
r ^-^^S: 3 Tia±c7)5g^j^45-c1infi^B^rfb-r S CHZ 

*>*:^BfliOgi'(i, Nd-Fe-B T^lVy r 

oati©4'T-tT 3 ^±m^xw5^n<r)mm-}imi.zh h . 

^ 2 (i , C C0*±S774 Ai^^W^^TlJ^Tlda Fe, , B^ 

B^affl Ue^mt^-^L, *^OFe3 EffiOSgA^SOnmlUTT- 

«3icAa5ff^*»'Nd2FeM^affli:Fefflfc$:WL, *>0 

Fefflio^g^^sonmOTT-ib i. ^±'m^xwanmx'h 

I.. 
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rX-^^<7)fflfiE*«IW 11— 15at%, B 2~10at%, ^ 
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<r>m.^m<i l~10at%, B 10— 25at%. ^t^ei)^ 

'^>'5rO, »^mi§J^i}< 550— soo-crifeo, *»-:>±ie^ 
*m.i3TVXk.<r)mm'¥X■<i^oh(r>X'hh. »*JI7 
(i. Nd2Fe,4B^B%ffli:Feffli: ^*-rS±ie*±a*AiS 

Nd 1— 10at%. B 1 — 5at%, ?^*^Te*><i>:5rO , 

f«!asiaK*i 550- m'cx'h o , A^oiiesftsiia?: 3 

[0008] 

^^i3>t>m\>^htii>piivhxj^>mi>ziL':>xi!m^ix 

^mx\ ^s^B$•^^fc^i:•&^^v^t><7)i:■rl>. w^^a"^ 
9yX'S>-^^mz^A.x'\.^h^-^i,t. ^§a.ucr>^m 

\,zi5\.^x;iixhi}'^^Wit^j:*)^m:ifim^:L<7)X\ m. 
i%l<zX'>XW.^^^h Zti}mL\-^. '>^<i:t>X||[5l 
iff -CJSa t- tf^rn^. $ fL=5r V ^^^«lc-r ^ ^ s . 
C<^;ti^>lc(i:!m!KD-;la$ig2: 30m/seciaJiK:-fti;{yj: 

[0009] ffi^<i:Nd*ni— 15at%, B*i2— 10at%, 
«gP5rFei:-r-l.<0*<a^H'\ C:a<^cOffiil2r<±-r^T-i. 
tS:U^£m.^W&ifin'.Z<\^. CiOft!!. Eg^!^145rMt= 
Nd«0-g|?^Y^fl!l<;)#±^STWtL 
fz'O, Feco— liB^rCo, Ni, Cu, Zn. Ga. Ge, Al, Si, S 
c, Ti, V, Cr, Mn, Zr, Nb, Mo, Tc, Ru, Rh, Pd, A 
g, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, A 
u, Hg, Tl, Pb, Bi'STt'cOTC^-C-ffitLf^OtTt J: 

Dy, Tb<7)a^(±30at%JaT, ffiiO#±^R7clicOgmfi 
{± 5at%WT*^'aS t ^^A*, Prt430at%^ ^3i.T t j; 
FelcM-rSSmS{45at%tlT, BtCit-^^aj^ 

(i:10at%mT*^'M^Ll.\ 

[0010] ffi<kL=5rv^J: 3^S14pyx#ffl^t 
^ Mi Fe, 4 Bffi<73^|ll{c(i50at%ia Ji<7)Nd$: # tf Nd 'J -y ^ 

ia*^ls<?4ifffl^jgfiE,f--s. .^aisj^a 600- soor 

A5»iL<, S<^tC»^Lv^<0{4 650—750 X:<nSmX' 
hh. fflJSA^CixJ; 01K<'''i:Nd2Fei,Bffl*<^B^B<l:L^*^ 

0 , ^ffl*^'«faj L/C 0 vx^»^j:m(Amm%iz< 
[0011] :^^mcom±(7)m^M. ceo^Masr 3 t 

tLhco^lKit*T1t -5 C i: C J: 0 , tfai L/cNdzFe, , Bffl 
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fs^mimLMmt Lfctk, r^Vrtmrnt^fzib 95o-c 

iT-S/^LTA^'b. 900- TOO-CcOiaS: 0.1--2X: /se 
c <O?$ffljIST'0.15TUJLh<7)J1^4,x-}^ai-f^. ^B^^ 

fll = (z-xo ) • ( 

mm. Mo ii^^mmm. dHXdxii^<7)mniim.x' 

&±mtmm H $r s-ft $ I. ^ t J: 0 mmiR ^mm 
■r^umii^mmx'h^. :^^BM^(>iiH<r)m?:$^x.xm 

uBm<,zm\^(r)m\^i3^M.(>tl^Zii?:^UfzLti. 
[0012] *%BJ{i, NdaFenBffltittCfiSmWV 7 h 

m^mtani-y:! >r^i^-v vmmi.zi;,nmzmmx't 

h. *f*:Wt{±FejBfflt L<<iFeffl*«Nd2Fe,4Bffii: f: t 
(CSa«l:«-«cL, A^oFesBfflt L<{iFefflc7)f4gAt50nfliUl 
TT-^b h^o ^j:mnX'h h . NdjFe, , B/FejB^^ / 3 ^^,1? 

'j-/vnmi:imth%^i.i. «flffl^*Nd*<i~ioat 

B*qo-25at%. jaggSrFet-r-ScOA^M^LV''. V 
7 hffl*it(r{lit^v^*l^{clt'^-CNd3!)5ii.^=5:< , B*<^< 
^orv>S. ^7t, Nd2Fei4B/Fe-fy=J>--t?>'' y 

'S:*'^;^^). r^fzivyrxms.iz-thi.zii^^ti-ii'm.f^ 

^mzmhinmifihh. :itih<nnm^z':>\.yx:{,m^ 

mii'^f.Z-^isbhtzMZ. Mcr)-^i:Y^m<r>m±^ 
mX-WMLfz^. Fe<7)-SB5:Co, Ni. Cu. Zn. Ga. Ge, 
Al, Si, Sc, TL V, Cr, Mn. Zr, Nb. Mo, Tc. Ru. R 
h, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta. W, Re, Os, I 
r, Pt, Au, Hg, Tl, Pb, Bi^Srfc'cTJTC^T'^ L/:: 0 L 

[ 0 0 1 3 ] -fy 3 y^^i^y hnmx-l.i. >'^- Hie<7)Nd 
iFeuBi: V7 MScOFejBt, L<(i:Fefc*>'ftif^^M2!c 

St Lo. -?-«o;t:*^s?jyia?aig{i 550- soo-c, i off 

t. L<\i 600- 700''CSSi:■rl.<7)A^^V^. ^fxi OiS 
JS*i{SV^i:NdjFe,,Bffl*»^B^B-ftL^*»-ofv: 0 . NdjFcjaB 



lC:fcV^T(i, Nd2Fe,4Bfflc7)d{-jLU-*li 312-Ci:*Sa^8^l: 
^-f-f ••J9:m^^ MAG-%-214(1996) ) . JSifc*;»:$- 

i^-:>^mzm.xifl^m^hwmj) f « <iT^ ( i > coi 

H/ua ) ■ {dH/dX) ( 1 ) 

3 ^NdFe, 2 86^5: i:'cOS^^^fflA5^aj tfc 0 LTftff^m 

±itLXt^W^^:htfi^/yhn^mzmt-ti:<ti:'^X L 

t p , tt:mm<^mzX'oxi:,^^Bftmm<t-t^<7) 
x\ mmmmi± lo^— io«sec<oiEfflfcL, m-miSLmm 

?:X'^ ^fUm'^MznoZttmt L\>\ ZtK^cr)^, 
9mi>m^cr>J:diZH = 3 Ti:Xk.<^m^^ xrr^db 
tCiO, *^-rSNd2Fei4Bffl(Cffi|6l«Offll6jS:Eai-rc:i: 

[00 14 3 

(mmmi ) nm9%ULt<md, Fe. s =g^s$-^fi2o 

g i: ^rS J: 5 (c« 1 {cS^-n^iffl^t-fTl; L , r-7?§ 
ISCT*^-- &MbLfct>05:. gl.5min 5fy7-f;?.OJ> 
SSJSIfrt-CS^SJgL^cf^, 'i'ilSJiOAriDffiL-CCuM 

47.5ni/sec t L-^vT. %hiXfcmMiOiKamitXmzJ: 
*)T^Jl-yrx:^mX'h?>Zbt:VilZLt:. m^fpfm 

m^^xn-^fc. mi^'p^m^<^is,mT^ it eso^c, en 

200Torri^AritAL-CfcV\7t:±iert/W7r 

H»»LT*»^>, *>4'(--C.ti?^L^>:. ^#<i>i^7tl««{^o 

^^TCuKa^fttX||[II^ff^^f->7ttC:-?). Nd2Fe,4Bffl(7) 
t- $ itTt: . t fcm^ L timmtA^ 5: 14 k OeK 

ffoi^v:. 7 ^ >X'mifztt^^mW,l,zMLX^'<TR 

r/mm.:fj\fi]i>z20k0e^mmaLfzt^cr)mit<n-k^ 
S<.HcJ;»5, M*^iOS:^tt$r*>j^LJt. *ltc, VSM 

T'^lfS^kL/ciSIn /Ip ^m-t. I„ / I 

100 15} 
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